ExEcutivE Summary
iii Grassland and shrub-steppe bird populations have experienced more substantial declines during the last century than any other groups of birds throughout North America. Our study area in Southeast Montana has abundant natural habitat for these birds but invasive plant species, agricultural conversion, and energy development are altering natural conditions in the area and may affect this group of declining birds. We sampled 116 locations in southeast Montana for breeding bird presence during early summer 2007. A primary goal was to better document the distribution and abundance of this bird group in the study area. Another objective was to relate breeding bird presence, with an emphasis on Montana Species of Concern, to site and landscape factors so managers may better focus limited resources.
Site vegetation and ground cover characteristics were directly measured at each sampling site. Landscape variables were derived for three landscape scales as measured in 200 m, 800 m, and 5,000 m radius circles around the sampling point. USGS GAP land cover data was aggregated into a few general classes and several other landscape variables (measures of roads, watercourses, human populations, energy leases, wetlands, topographic roughness, etc.) were derived from other GIS data sources.
A univariate analysis compared differences in site ground cover and vegetation characteristics to the presence of six grassland and five shrubland bird species, six of which (four grassland and two shrubland species) are Montana Species of Concern (SOC). For the six SOC birds we additionally used logistic regression and non-metric multidimensional scaling ordination to analyze how these birds responded to site and landscape factors at 200, 800, and 5,000 m scales. The importance of site or landscape factors varied with individual species. Site factors may be more important for some species (e.g. Brewer's Sparrow, Spizella breweri), and landscape factors for others (e.g. Sprague's Pipit, Anthus spragueii). For other species, there was a more balanced response to site and landscape factors.
Site variables, especially grass density, maximum vegetation height, and maximum sagebrush height, appeared to be strongly related to the presence of particular bird species on point counts, although the presence of some species was also related to site landcover variables (% bare ground, % grass cover, % sage canopy). Grassland species tended to occur at sites with shorter and less dense grass. Shrubland species tended to occur at sites with taller sagebrush and more extensive sagebrush cover. However, there were exceptions to these trends for both groups.
Univariate patterns may have been affected by three confounding factors. First, the relatively small number of sites sampled may have masked real, but possibly weak, relationships of some bird species with the measured proximate vegetation and landcover variables. Second, point counts were conducted about evenly in two discrete time periods (mid-June and early July) during which vegetation structure (especially grass) continued to change significantly in response to wet and warm conditions; some bird species may have abandoned sites before they could be sampled, because grass density and height (especially of exotic annuals) crossed a tolerance threshold. Third, the study area was so large that some vegetation conditions favorable to particular bird species were encountered only during one of the two sample periods, and this biased the temporal results of the counts and habitat measurements. Nevertheless, significant patterns between each bird species and one or more appropriate habitat variables were identified in the univariate analysis.
Despite data caveats of small sample size for some species and a relatively extended sampling season, results suggest that any management of grassland bird species will benefit from both landscape and site considerations. GAP-derived variables, especially at the 5,000 m scale, were important and often proved to be stronger predictors of breeding bird habitat choice than vegetation variables we directly measured at the site. Managers concerned with these declining grassland bird species may wish to apply species-appropriate site vegetation management with knowledge of landscape characteristics and current GAP land cover maps. With additional bird sampling data we will be able to apply our analysis techniques with available GIS data to model priority landscapes for specific birds that will enable focused conservation and habitat management. However, it is already known that maintaining the suite of grassland and shrubland bird species currently present requires maintaining a mosaic of grass and shrub habitat patches of various structures and patch sizes. Grazing and fire are two tools that, when used judiciously and based on the needs of each species, can help achieve this goal, but no net loss of grassland and shrubland habitat should be the underlying principle guiding land management in the region.
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IntroductIon
Grassland and shrub-steppe bird populations have experienced more substantial declines during the last century than in any other groups of birds throughout North America (Paige and Ritter 999, Peterjohn and Sauer 999, Vickery et al. 999, Knick and Rotenberry 2002) . Loss of habitat for breeding and non-breeding activities, through conversion of native prairie landscapes to agricultural use, is probably the greatest contributing factor to these declines. However, grassland and shrub-steppe bird species may also be negatively impacted by other factors, such as altered patterns of fire and grazing (Kantrud and Kologiski 982, Saab et al. 995, Madden et al. 999, Paige and Ritter 999) , and the introduction of non-native forage grasses (Sutter and Brigham 998) . There is also mounting evidence that climate change could result in large reductions and spatial movements of remaining native prairie habitats (Peterson 2003) . Thus, the integrity of prairie landscapes is widely compromised, and conservation of prairie birds is a high priority for conservation organizations and land management agencies.
Several North American grassland and shrubsteppe birds are identified as species of concern. The 2007 National Audubon Society Watch List (Butcher et al. 2007) (Sutter and Brigham 998, Dieni and Jones 2003) , but occurs more often in pasture and hay fields than cropland (Davis et al. 999 ) and in larger grassland habitat patches (Johnson and Igl 200) . There is evidence, however, that some grassland species may not exhibit scale-dependent responses uniformly across their ranges (Johnson and Igl 200, Bakker et al. 2002) . By identifying the scales at which birds respond most strongly to habitat and landscape features, managers will be in a position to develop effective measures to mitigate deleterious effects of habitat alteration (Cunningham and Johnson 2006) .
Southeastern Montana is an area experiencing a number of habitat threats to native prairie bird populations, as is the case throughout the northern Great Plains (Knopf 994, Askins et al. 2007 ). These threats include conversion of native grasslands to agricultural use, removal of shrublands to enhance livestock grazing, fire suppression and invasion of woody vegetation, invasion of exotic grasses that ultimately influence fire regimes, and rapid fragmentation of native grasslands and shrublands for urban or industrial development, especially as they relate to energy development (e.g. Walker et al. 2007 ). This region also supports a large diversity of grassland and shrubland bird species (Lenard et al. 2003) , several of which are of conservation concern in Montana and elsewhere. Because of these considerations, we developed a study to address the following objectives ) establish a series of point count locations to fill in bird distribution gaps and for longer-term monitoring of grassland and shrub-steppe birds, 2) explore proximate (site scale) habitat features (vegetation structure and land cover) that relate to the presence of different grassland and shrub-steppe bird species, and 3) explore larger landscape features at several scales that may be useful in predicting the occurrence of these bird species.
Methods

Study Area
The study area includes portions of seven southeastern (Cooper et al. 2007 ). Wyoming big sagebrush (Artemisia tridentata ssp. wyomingensis) is the dominant shrub with silver sagebrush (Artemisia cana) common on drainage terraces and sandy substrates (Cooper et al. 2007 ). Riparian areas support a variety of shrub and tree species.
Bird Point Counts
We chose points for sampling birds based on accessibility (public lands with at least secondary road access), relative homogeneity of sagebrush or grass cover, and the general absence of trees, water bodies, roads, fences and power lines within points. Initial point selection was made during drive-by inspections. In some cases, initial points were in unsatisfactory locations, and were moved during the actual point-count sessions. Points were classified a priori according to the quantity of sagebrush cover (light, medium, dense, or mostly grass). We sampled birds at 6 plots ( Figure ) , roughly divided equally into grass or sage points.
Our sample sites were 100 m fixed-radius pointcount circles (Hutto et al. 986, Ralph et al 993, Davis et al. 999, McMaster and Davis 200 
Local Vegetation Measurements
We gathered a variety of measurements that described general vegetation structure associated with each bird point-count circle. Indices for the entire count circle placed vegetation cover types (grass, bare, shrub, water, wet meadow) into cover categories (absent, trace, -5%, 5-0%, and multiples of 0%).
We also recorded vegetation features at five 2 m diameter mini-plots within each point-count circle. One mini-plot was located over the center of the point-count circle, the remaining four were located one each within each quarter of the point-count circle at a distance determined through use of a random numbers table, but no closer than 0 m from the center of the point count.
At each mini-plot we measured vertical vegetation density by counting the number of vegetation contacts at < dm, -2 dm, and > 2 dm height categories on a 7 mm diameter rod held vertically. Vegetation density measurements were taken at four cardinal directions m from the center of the mini-plot. We also recorded the maximum height (cm) of the vegetation of each mini-plot, the average height (cm) of standing dead vegetation (bent or flattened dead vegetation, not the sparse vertical standing stalks), and the percent ground cover (absent, trace, -5%, 5-0%, and each 0% category thereafter) of bare, moss, shrub, grass, and forb.
We measured percent shrub cover along four 25 m transects, one in each quarter of the point-count circle and starting at the center point of each miniplot; transects were oriented along a randomly chosen direction. Percent shrub cover along these transects was the total length of a survey tape (dm) that intersected discrete shrub patches; we also recorded the maximum height (dm) of each intersected shrub patch.
Landscape and Statistical Analyses
We derived landscape variables from a variety of GIS data sources including new USGS GAP land cover data (draft version from the USGS National Gap Analysis Program). Data sources are listed in Table . Similar variables were developed for each of three overlapping 200 m, 800 m, and 5,000 m circles around the bird sampling point. Variables were deleted if they occurred in < 0% of the plots.
Logistic regression is a relatively robust statistical method that does not assume a linear relationship between dependent and independent variables or require normally distributed variables. However, it does require that observations be independent and samples that are closer in space are likely to be more similar than those further apart. Spatial autocorrelation is a common issue in ecological studies and species-environment exploration studies with logistic regression can still be informative even if samples are not fully independent.
Some of the variables were highly correlated and multicollinearity was an analysis concern. Multicollinearity occurs when one or more variables are exact or near exact linear functions of other variables in the data set (Munoz and Felicisimo 2004) . However, in a comparison of statistical methods used in predictive modeling, Munoz and Felicisimo (2004) found that eliminating highly correlated variables in multiple logistic regression always reduced predictive power. Therefore, we ran logistic regression models with both a full data set and a data set that had been reduced by deleting one of a pair of variables that had a correlation over 0.70 (Weisberg 985) . The original data set of >00 landscape variables and 0 site variables was reduced to 53 and 6 variables, respectively. Models were assessed with McFadden's rho-squared, a transformation of the likelihood-ratio statistic intended to mimic an R-squared (Steinberg and Colla 2004) . It ranges from 0 to and a higher value corresponds to more significant results; however rho-squared values tend to be much lower than R-squared (Steinberg and Colla 2004) . A preliminary logistic regression data analysis of each SOC bird using full and reduced data sets indicated that the reduced data sets generally had higher rho-squared values, so only the reduced data set model results are reported in detail for each SOC bird, although full data sets were used in the comparison of logistic regression models using landscape scale and site variables. The complete data set was used for a comparison of landscape scales, since the removal of highly correlated variables differentially eliminated variables at certain scales and we wanted to test comparable data sets. In all logistic regression models we used an automatic stepwise procedure with variables entered and eliminated from the model based on probability values of 0.5. All data analysis was done with SYSTAT (SYSTAT Software Inc. 2004) unless noted.
To examine the species-environment relationships among the group of SOC birds we ran a non-metric multidimensional scaling (NMS) ordination using PC-ORD version 4.20 software with default values (McCune and Mefford 999). A small constant (.000) was added to SOC presence-absence values (absence = 0, presence = ) to avoid software problems due to the large presence of zeros in the species matrix. Ordination axes were correlated with the species and the environmental data.
We used parametric two-sample t-tests when analyzing site (point count) continuous vegetation variables for patterns associated with bird species presence, and nonparametric Wilcoxon Rank Sums tests for analyses of site land-cover variables that were expressed as percents. We used nonparametric tests for all analyses of association (two-by-two tables and proportions). All site univariate analyses were run on STATISTIX ® 8 (Analytical Software, Tallahassee, Florida). 
Variable Code Definition
results
Point Counts
We detected 55 bird species on the 6 point counts taken during June and early July 2007; common and scientific names, as well as the number of point-count occurrences and number of individuals detected, are listed in descending order in Table 2 . Of these, only 7 species (4.7%) were detected on more than 6% of the counts and only (9.5%) on more than 0% of the counts. Among the 7 most frequently occurring species were five whose habitat requirements include the presence of features other than pure grassland or shrub-steppe, such as trees, rock outcrops, or wetlands; we do not address these species in our analyses. These five species (ordered by descending frequency of occurrence (Table 2) are Mourning Dove, Brewer's Blackbird, Red-winged Blackbird, Western Kingbird, and Rock Wren. A sixth species, Western Meadowlark, is also not included in any of our analyses because it was too widespread (detected on 96.7% of all counts) for us to reach any useful conclusions about its habitat requirements.
Our analyses focus on the remaining species (Table 2) , which were detected on 6.9-50.7% of our point counts. 
Multi-scale Analyses for SOC Birds
Conclusions from all results are limited by the relatively small sample size of occurrences for the six SOC birds (Table 2 ) and a sampling season that was relatively extended. Two variable sets were used for SOC bird logistic regression models: ) a complete data set with only variables that occurred in <0% of the plots eliminated, and 2) a data set also reduced by eliminated one of a pair of highly correlated variables (r > 0.7). Although we incorporated some energy development variables, they represented sparse data that was additionally problematic, in that we were unable to differentiate active from future leases in the data set. The relationship of breeding bird presence/absence with landscape variables at various scales and site variables is species-specific (Table 3, Figure 2 ). For the six SOC birds the landscape model with the highest rho-squared value varied across landscape scales, although these values were lower than site-model rho-squared values for all but Baird's Sparrow and Sprague's Pipit. For these two species, the 5,000 m model had the highest site or landscape rho-squared value. Non-metric multidimensional scaling (NMS) is an ordination technique that is well suited to data that are non-normal (McCune and Medford 999). R squared values indicate the strength of ordination axes, and higher values indicate a more significant axis (Table 5) . Environmental variables and species are correlated with axes (Table 6 and Table 7 , respectively). Higher r absolute values indicate stronger correlation and the sign (positive or negative) indicates the direction of the correlation. sagebrush cover; Brewer's Sparrow, Lark Bunting, and Vesper Sparrow tended to be detected more often where sagebrush cover exceeded 0%, whereas Chestnut-collared Longspur, Grasshopper Sparrow, and Sprague's Pipit tended to be detected where sagebrush cover was about 5% or less. Baird's Sparrow also seemed to appear in sites with little sagebrush cover, but the relationship was not as strong (P<0.08) as for the other species (P<0.03).
Point Count Vegetation, Site Land Cover, and Sampling Period
Point counts exhibited a large range of vegetation and land cover conditions in 2007 (Table 9) , which was also reflected in the broad diversity of bird species we detected during the counts (Table  2 ). Vegetation and land cover variables were not uniform among the two discrete time periods when points were sampled. Vegetation density (measured as vegetation contacts) and overall mean vegetation height were substantially greater during the late point count sampling period, but mean sagebrush height was only slightly greater. Land cover measures (% bare ground, % grass cover, % sagebrush cover) also tended to be greater for the late point counts, but not to the degree as vegetation density and overall height, which primarily were measures of grass structure.
Bird Presence and Point Count Sampling Period
The time period when sampling occurred affected the presence of six bird species on our point counts (Table 0) , and appeared to be related to the primary vegetation (grassland or shrub-steppe) with which each species was associated. We detected five of six species primarily associated with grasslands more often during the early period of point counts, the exception being Upland Sandpiper. In contrast, four of five shrub-steppe species showed no substantial difference between the early and late period counts; the one species that did (Lark Sparrow) was detected only during the late count period.
Bird Presence and Site Variables
There were significant differences for each species in at least one of the seven local-site habitat variables (Table 8) , comparing count circles where a species was detected with those where it wasn't. Small sample size of detection for some species, such as Baird's Sparrow and Sprague's Pipit, appeared to affect the statistical significance of some comparisons where the differences seemed large.
Presence of nine species appeared to be related to vegetation density ( The presence of three species (Brewer's Sparrow, Grasshopper Sparrow, and Lark Bunting) appeared related to the amount of bare ground in the count circle (Table 8) , with Brewer's Sparrow and Lark Bunting favoring more bare ground and Grasshopper Sparrow less. The amount of grass cover appeared to affect the presence of five species (Brewer's Sparrow, Horned Lark, Lark Bunting, Lark Sparrow, Vesper Sparrow), however, only Lark Sparrow occupied sites with greater grass cover than unoccupied sites. The presence of six species appeared related to the amount of (Vickery 996, Robbins and Dale 999, Houston and Bowen 200, Green et al. 2002) .
The presence of shrubs is a general prerequisite for the occurrence of shrubland bird species throughout their ranges (Rotenberry et al. 999, Shane 2000, Jones and Cornely 2002) and our study supports this. Shrubland bird species present in our study area, such as Brewer's Sparrow and Lark Bunting, generally were present at sites with taller and more extensive sagebrush cover. Lark Sparrow was the most extreme in its preference for sites with taller sagebrush and taller, denser, and more extensive grass cover, more so than any of the grassland species. Lark Sparrow has a general association with taller and denser grass and shrub cover, often where vegetation is 0-20 dm tall (Martin and Parrish 2000) , and is less associated with sagebrush than the other shrubland sparrows considered in our study. Brown-headed Cowbird was associated with shorter and less dense grass but taller sagebrush, a pattern that fits the general understanding of their habitat needs (Shaffer et al. 2003) . Grass density affects the ability of cowbirds to find hosts directly, by making host nests more obscure, or indirectly, because hosts abandoned sites due to vegetation structure exceeding tolerable
thresholds. An important component of cowbird habitat is the availability of perches from which to display and sing. Thus, taller sagebrush at sites of its presence fits the expected pattern.
Southeastern Montana experienced above-average precipitation during late spring and early summer 2007, which delayed the onset of our point counts. This was followed by above-average air temperatures, which promoted the robust growth of grasses (Table 9 ). The density and height of exotic cheatgrass (Bromus tectorum) and field (formerly Japanese) brome (B. arvensis formerly B. japonicus) were particularly striking during the study, but especially so in the second sampling period (Figure 3a-d) . Horned Larks are known to abandon nesting areas by late spring in response to the growth of vegetation (Beason 995) . Under the unusual weather conditions of 2007, other grassland bird species may have employed similar tactics, as many typically continue nesting activities into early July (Dale et al. 997, Davis 2003) . The general lack of response shown by the shrubland species to differences in vegetation conditions between the two sampling periods (Table 0) supports our argument, as shrubs should respond to favorable growth conditions with less dramatic changes over a longer time span.
The size of our area of study is another factor that likely influenced our results to some degree. It is reasonable to assume that there are significant land-cover differences within the region we surveyed that would influence when and where we encountered some bird species. The percent cover difference in grass and sagebrush between June and July (Table 9) is consistent with this possibility. Thus, spatial variation in land cover could be the sole explanation why Baird's Sparrow and Sprague's Pipit were detected only during the first sampling period (Table 10) and Lark Sparrow only during the second period. We cannot entirely discount this possibility, but think the limited detection of these three species is likely a result of vegetation condition and geographical location combined, rather than either one alone. Other species with strong ties to grass or sagebrush were found throughout the sampling period, despite the evident effect that sampling period had on species detections (Table 0) . This aspect of our results, nevertheless, raises questions regarding scale of study design and sampling intensity. Singlesample surveys of bird communities may result in misleading interpretations of patterns because of habitat variation at relatively small temporal and spatial scales (Wiens 98) . Multiple visits to sites would result in more complete lists of bird species associated with each site, but this limits the area of study due to the increased logistics demanded by repeated visits. Single visits to points are probably satisfactory enough for prioritizing conservation efforts (Siegel et al. 200) , through comparisons of species richness and habitat relationships at many more sites. Our study would have benefited
The change in vegetation and land-cover conditions during our study apparently affected the results of our bird point counts. Species most reliant on open grassland habitats were encountered less frequently during our second sampling period, in early July ( by conducting more point counts over the area we surveyed or concentrating the points we visited within a smaller geographical area.
Multi-scale Analyses for SOC Birds
Several studies have indicated that many prairie bird species respond to habitat features at several scales, from local patches around nest sites and territories (Kantrud and Higgins 992, Dieni and Jones 2003) , to extensive habitat patches and large landscapes covering many square kilometers (Knick and Rotenberry 2000 , Johnson and Igl 200, Bakker et al. 2002 , Cunningham and Johnson 2006 . Our results suggest that this also applies to some prairie bird species in southeastern Montana.
The importance of both local and landscape factors is evident for all SOC birds when logistic regression rho-squared values are compared for the various data sets (Table 3 and Figure  2) , and the species specific models (Table 4) . Individual species varied in their response to site and landscape variables, as well as to the scale of landscape variables. Estimate values (Table  4) give a direction of the relationship between species presence and the variables. Higher grass cover within the 800 m landscape scale and 5,000 m precipitation were important variables for Lark Bunting along with lower site grass cover. Chestnut-collared Longspurs responded positively to the number of water bodies within 800 m along with a negative response to the cover of sage at the site. The most important model variable for Baird's Sparrow was topographic roughness within 800 m, while the first three variables entered into the Sprague's Pipit model were 5,000 m landscape factors. These examples need to be verified with more data, but the relative strength of landscape factors in species models may allow a better focus of management and conservation through the development of GIS predictive models based on USGS GAP land cover data and other GIS variables.
The NMS ordination also supports the importance of both local and landscape factors for SOC bird breeding habitat selection. Axis explained the most variation with an r 2 value of 0.438 (Table 5 ) and primarily reflects strong site factor relationship to grass cover (Mean%Grass, r = -.52) and grass density (Contacts_0_, r = -.584) (Table 6 ). Bird species that have relatively strong positive correlations to this axis, Lark Bunting and Brewer's Sparrow, are associated with lower grass cover and density at site-level scales. Axis 3 is the next most important (r 2 value of 0.33) and is a complex sitelandscape axis with strong negative correlations to average sage canopy (SageCanopyPercent, r = -0.578) and large scale precipitation (5RANGE_AWM, r = -0.393) with a strong positive correlation to large scale barren areas (5BARRENAR, r = .400) ( Table 6 ). Birds with a relatively strong positive correlation to this axis (Table 4 , Grasshopper Sparrow, Sprague's Pipit, and Chestnut-collared Longspur) are associated with sites that have relatively large barren acreages and lower precipitation within 5,000 m with low sage cover at the local scale. Barren acreages are typically concentrated in steeper areas with more erosion-created landscape features. Higher landscape precipitation may mean more forests and more productive vegetation growth in the general area.
Many landscape variables were derived from USGS GAP land cover data. That these variables often proved to be stronger predictors of breeding bird habitat choice than vegetation variables we directly measured at the site is significant given the nature of the GAP data. Developing regional animal-habitat models is an important use of GAP data (USGS National Gap Analysis Program 2005), but application of this data in habitat analysis requires an understanding of the errors inherent in data derived from classified satellite imagery (Fleming et al. 2004 ). The draft USGS GAP (GAP Analysis Project) land cover map data used to develop many of the GIS variables is the second generation of GAP data and is newly available for Montana. While GAP data provides an accuracy assessment of the Ecological System types used as classification units, there is no information on the spatial distribution of errors (Fleming et al. 2004 ). Typically, these remotely sensed data products are most useful in providing a regional or national perspective on land cover; applicability decreases Several considerations concerning the management of prairie landscapes in southeastern Montana are apparent, despite limitations in the methods we employed in our study. We suggest that a diversity of habitat conditions at multiple scales need to be maintained to support the full spectrum of bird species using the region, echoing other studies showing that prairie bird species occupy gradients of vegetation structure and composition (e.g., Paige and Ritter 999, Madden et al. 2000) and that their occurrence may be dependent upon features at quite different landscape scales (Knick and Rotenberry 2000 , Bakker et al. 2002 , Cunningham and Johnson 2006 .
Fire and grazing are considered important tools for creating and maintaining the diversity of vegetation structure in grasslands and shrublands (Paige and Ritter 999, Madden et al. 2000, Askins et al. 2007) . However, in a companion study (Cooper et al. 2007) we found that annual non-native weedy grasses, especially field brome (formerly Japanese brome), increased after prescribed or wildfire burns and maintained this increase for many years after burning in this study area. Our results indicate that many bird species will avoid sites where grass density and height (especially of exotic annual grasses) become too great. In our case, this was largely due to presence of cheatgrass and field brome. Cheatgrass readily invades disturbed sites, such as areas where livestock churn up soil and biological soil crusts, and graze native bunchgrasses (Leopold 94, Paige and Ritter 999) . Limiting the spread of exotic annual grasses is highly desirable for the conservation of grassland and shrubland birds, which have a variety of habitat requirements if they are to coexist. Grazing can be used to promote a mosaic of vegetation structure and growth of native grasses and forbs, depending on current condition and plant composition of the range. Where cheatgrass and native perennial grasses are mixed, grazing during the dormant period may favor the perennial species (Vallentine and Stevens 1994) . Wildfires should probably be suppressed in areas prone to invasion by cheatgrass, because wildfires fueled by cheatgrass are converting shrublands into expanses of exotic annual grasses (Knick and Rotenberry 2000) . If controlled fire is used as a tool, it should be done on a small scale and timed to avoid midsummer, which favors cheatgrass; early spring and late fall are preferred times for controlled burns because the soil is moist and native grasses are dormant (Paige and Ritter 999) . Fire will also virtually eliminate Wyoming big sagebrush in this area with recovery times well over a century (Cooper et al. 2007 ).
Minimizing fragmentation of extant habitat is also a primary consideration. Many prairie species, such as Baird's Sparrow, Sprague's Pipit, Brewer's Sparrow, and Greater Sage-Grouse, which are Montana Species of Concern (Montana Natural Heritage Program and Montana Fish, Wildlife and Parks 2006), are area sensitive and negatively impacted by fragmentation of grasslands or shrublands (Knick and Rotenberry 995, Johnson and Igl 200, McMaster and Davis 200, Walker et al. 2007 ). However, different sources of fragmentation may influence bird responses differently. For example, birds may respond to urban development and agricultural use quite differently than the alterations associated with energy development; even the type of energy conclusIons and ManageMent consIderatIons as the focus landscape becomes smaller. However, in our study, GAP-derived variables, especially at the 5,000 m scale, often proved to be strong predictors of SOC breeding bird presence. The implication is that, despite inherent inaccuracies in GAP remotely sensed classification data, these landscape factors are of considerable importance for the breeding SOC birds.
Despite data caveats of small sample size for some species and a relatively extended sampling season, results suggest that any management of grassland bird species will benefit from both landscape and site considerations. The importance of site or landscape factors varies with individual species, site factors may be more important for some species (e.g. Brewer's Sparrow), or landscape factors for others (e.g. Sprague's Pipit). For other species, there is a more balanced response to site and landscape factors.
development (e.g., wind farm versus coal-bed methane) is expected to impact bird species in different ways. Probably the best rule of thumb (Paige and Ritter 1999) is to manage for no net loss of grassland and shrubland habitats, and to maintain native vegetation communities in large and continuous stands wherever possible.
We found that prairie grassland and shrubland SOC birds varied in their response to site and landscape habitat factors in southeastern Montana when selecting sites in which to breed. A more exact quantification of the relative importance of these factors for specific bird species will require additional breeding bird data and an analysis that includes relevant habitat factors within distances at least as large as 5,000 m. However, our evidence was clear that both site and landscape factors are important, and that GAP-derived variables, especially at the 5,000 m scale, were important, and sometimes proved to be stronger predictors of breeding bird habitat choice than vegetation variables we directly measured at the site. Managers concerned with declining prairie SOC birds in our study area may wish to apply species-appropriate site vegetation management with knowledge of landscape characteristics and current GAP land cover maps. Results suggest that with more breeding bird data GIS models can be developed that will allow managers to focus management and conservation actions in the most appropriate landscapes for SOC birds.
Literature Cited
